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Abstract

Canagliflozin (CFZ) is a member of new class of glucose
lowering agents, sodium-glucose co-transporter (SGLT)
inhibitors, which got approval by food and drug admin-
istration. It has insulin independent action by blocking
the transporter protein SGLT2 in the kidneys, resulting
in urinary glucose excretion and reduction in blood glu-
cose levels. In clinical trials, CFZ significantly decreased
HbA1lc level when administered either as monotherapy
or as combined therapy with other anti-diabetic drugs.
Intriguingly, it showed additional benefits like weight
reduction and lowering of blood pressure. The com-
monly observed side effects were urinary and genital
infections. It has exhibited favorable pharmacokinetic
and pharmacodynamic profiles even in patients with re-
nal and hepatic damage. Hence, this review purports to
outline CFZ as a newer beneficial drug for type 2 diabe-
tes mellitus.
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Core tip: This review article focuses upon the current
pharmacokinetic, pharmacodynamic and clinical trial
data on the newly introduced sodium-glucose co-trans-
porter 2 inhibitor, canagliflozin, for the treatment of
type 2 diabetes mellitus. It also discusses briefly about
the safety profile and future prospective of canagliflozin.
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INTRODUCTION

Diabetes mellitus (DM) is a metabolic disorder character-
ized by insulin resistance, hyperglycemia and progressive
pancreatic 3-cell dysfunction. Poorly controlled hypergly-
cemia leads to irreversible microvascular and macrovas-
cular complications like visual impairment and blindness,
kidney failure, peripheral neuropathy, myocardial infarc-
tion, stroke and lower limb amputation. In 2012, world-
wide > 371 million people suffered from diabetes. Out
of which 4.8 million people died due to its complications.
This global butrden is estimated to increase to 552 million
by 2030". This implies that the available drugs for DM
are not able to maintain or achieve good glycemic control.
Potential adverse events like gastrointestinal disturbances
(with biguanides like metformin, a-glucosidase inhibitors
like acarbose, glucagon-like peptide-1 agonists like exena-
tide, amylin agonists like pramlintide), hypoglycemia (with
insulin, secretagogues like sulfonylureas and meglitinides),
weight gain (with insulin, secretagogues like sulfonylureas
and meglitinides, thiazolidinediones like pioglitazone) and
risk of cardiovascular disease (with thiazolidinediones like
pioglitazone) limit their dosage; and ensuing -cell failure
limits their effectiveness. Current guidelines recommend
a target HbAlc value of < 7.0%, with patient-centered
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approach allowing some flexibility in terms of the actual
target, and treatment with lifestyle changes and drugs for
better glycemic control in diabetics. But the target HbAlc
is rarely achieved with a single anti-diabetic agent and
in only about half of adult patients with diabetes taking
combination therapyp’ﬂ. Hence, there is ongoing hunt for
newer efficacious and safer treatment strategies.

Kidney plays a pivotal role in maintaining glucose
homeostasis through specialized transporters-sodium-
glucose co-transporter (SGLT)1 and SGLT2-present in
the proximal convoluted tubule (PCT). Together, they
absorb almost all of the glucose filtered in the glomeru-
lus. SGLT1 is a low capacity, high affinity transporter
present mostly in small intestine, some in S3 segment of
PCT in kidney, and in heart. It is responsible for approxi-
mately 10% of glucose reabsorption in the kidney. While
SGLI?2 is a high capacity, low affinity transporter present
almost exclusively in S1 segment of PCT, responsible
for approximately 90% of glucose reabsorption[4’5‘. But
kidney was never the target for treatment of diabetes
until phlorizin was discovered. Phlorizin was isolated
from the apple trees in 1835 and was initially tested for
fever, infectious diseases and malaria. It was noticed that
high doses caused glycosuria and chronic administration
in dogs caused polydipsia and polyuria with normoglyce-
mia. Subsequent detection of SGLT1 and SGLT2 in kid-
ney, their role in glucose reabsorption and confirmation
of inhibitory action of phlorizin on these transporters
in animal studies paved way to consider phlorizin in the
treatment of type 2 diabetes mellitus (T2DM). However,
phlorizin was not clinically developed due to its poor
pharmacokinetics and side effects attributed to SGLT1
inhibition such as glucose-galactose malabsorption, de-
hydration and diarrhea®”. Later on T-1095 was discov-
ered, a derivative of phlorizin which had comparatively
better pharmacokinetic profile. Nevertheless, it was
discontinued in the Phase-1I clinical trial™. Meanwhile,
it was observed that there was upregulation of SGLT2
and increase in maximum tubular transport of glucose in
diabetic patientsm. The underline defect in patients with
familial renal glycosuria is also attributable to SGLT?2
gene mutation. The patients with gene defect excrete
increased amount of glucose in urine and are clinically
asymptomaticm. These two observations with SGLT2
transporter, Ze., the upregulation of SGLT2 in diabetes
and its role in familial renal glycosuria, triggered research
that ultimately led to the discovery of specific SGLT2
inhibitors viz. sergliflozin and remogliflozin. Unfortu-
nately, these drugs too exhibited unfavorable pharmaco-
kinetic profile, efficacy and side effect and hence did not
progress in clinical trials" .

Dapagliflozin is the first SGLT2 inhibitor that came to
the European market in 2012. Food and drug administra-
tion (FDA) approved dapaglifiozin on 8" January, 2014,
It was initially rejected by FDA due to serious concerns
about bladder and breast cancer!". Canagliflozin was the
first of its kind to get approval from FDA on March 29,
2013. Currently it is in phase-II trial for the treatment of
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obesity in the United States and Europem. Ipraglifiozin,
empagliflozin and many other SGLT?2 inhibitors are un-
der different phases of clinical trials.

This article reviews the available data on the pharma-
cokinetics, the pharmacodynamics and the therapeutic
potential and safety of canagliflozin (CFZ).

SEARCH METHODOLOGY

PubMed, ClinicalTrials.gov and Google scholar databases
were used for mining the data. Following Medical sub-
ject headings words were used in the above mentioned
databases: canagliflozin, canagliflozin and SGLT2, cana-
gliflozin and diabetes, canagliflozin and pharmacokinetics,
canagliflozin and pharmacodynamics and canagliflozin
and adverse events. Up to date information was included
till 31" March 2014,

PHARMACOKINETIC PROPERTIES

When CFZ is taken orally it gets rapidly absorbed from
gastrointestinal tract in a dose dependent manner with
the dose range of 50-300 mg and mean oral bioavail-
ability of approximately 65%. Median ti/2 is 1-2 h and
steady state concentration is achieved after 4 to 5 d of
daily intake of 100 mg and 300 mg. Maximum plasma
concentration is not altered in renal injury. It accumulates
in the plasma up to 36% following multiple doses of 100
and 300 mg. The plasma protein binding is 99%, which
is constant irrespective of its plasma concentrations or
hepatic or renal damage”s’m. It is metabolized into two
mnactive O-glucuronide metabolites (M5 and M7). Major
O-glucuronidation is by UDP glucuronosyltransferase
(UGT)1A9 and UGT2B4, while CYP3A4 mediated
oxidative metabolism accounts for only 7%. Single oral
radioactive ['C] CFZ to healthy subjects demonstrated
41.5%, 7.0% and 3.2% of administered radioactive
dose in feces as CFZ, a hydroxylated metabolite and an
O-glucuronide metabolite, respectively. The amount of
CFZ excreted in urine in unchanged form is less than 1%,
whereas the urine excretion of its metabolites namely M7
is 21%-32% and M5 is 7%-10%. Studies conducted so
far have shown no clinically significant effect of age, sex,
BMI/weight and race on pharmacokinetics of CFz™"™.

PHARMACODYNAMIC PROPERTIES

CFZ primarily inhibits SGLT2 in kidney and is respon-
sible for increased urinary glucose excretion and reduc-
tion in blood glucose levels. It also inhibits SGLT1 in
intestine and its potency on SGLT1 is 160 times lesser as
compared to SGLT2"™". It reduces glucose absorption
by 31% in first hour and 20% by next hout of food in-
take. So, when given before meal, it reduces postprandial
glucose excursions'™"". This insulin independent action is
unique and differentiates CFZ from other available anti-
diabetic agents. Moreover, there is dose dependent reduc-
tion in the renal threshold for glucose excretion (RTGc)
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with maximal suppression of RTc from 240 mg/dL to
approximately 70-90 mg/dL at the dose of 300 mg, Un-
like other oral hypoglycemic drugs, CFZ is tolerated well
in mild to moderate hepatic and renal failure patients.
However, it is contraindicated in patients with estimated
GFR (eGFR) < 30 mL/min per 1.73 m’, end stage kid-

ney disease and patients on dialysis".

DOSAGE AND ADMINISTRATION

The recommended starting dose of CFZ is 100 mg once
daily to be taken before the first meal of the day. If pa-
tients with eGFR of = 60 mL/min per 1.73 m” tolerate
CFZ 100 mg once daily and require additional glycemic
control, then dose can be increased to 300 mg once daily.
Volume depletion has to be corrected in patients prior
to the initiation of CFZ to compensate for CFZ induced
increased urination'”,

DRUG INTERACTIONS

UGT inducers (eg., rifampin, phenytoin, phenobarbital,
ritonavir) increase the metabolism of CFZ, thereby re-
ducing active CFZ levels in the blood. Thus, the dose of
CFZ may be increased from 100 to 300 mg in such pa-
tients. On the other hand, CFZ increases Area Under the
Curve for digoxin and hence patients on digoxin treat-
ment should be monitored"”.

THERAPEUTIC POTENTIAL

CFZ has shown promising results in many preclinical and
clinical studies of T2DM. A study in Zucker fatty rats
and Zucker diabetic fatty rats with CFZ (3-30 mg/kg)
decreased renal threshold for glucose and increased uri-
nary glucose excretion (UGE). This resulted in decreased
blood glucose, HbAlc, weight gain, dose dependent
increased fatty acid metabolism, de 7ovo lipogenesis and
improved insulin sensitivity in these animals'"®,

Table 1 lists the published clinical trials on CFZ use as
monotherapy and combined therapy. The CANagliflozin
Treatment And Trial Analysis (CANTATA Trials) evalu-
ated CFZ as monotherapy or as an add-on therapy to
metformin, metformin and sulphonylurea and metformin
and pioglitazone. These trials were randomized; double
blind, placebo-or active-controlled with primary endpoint
of finding the change in HbAlc at the end of 26 or 52
wk from baseline. In a trial using CFZ as monotherapy,
both the doses 100 mg and 300 mg produced a statisti-
cally significant decrease in HbAlc (P < 0.001), body
weight (-2.8% by 100 mg and -3.9% by 300 mg »s pla-
cebo, P < 0.001) as well as systolic blood pressure (-3.7
mmHg by 100 mg and -5.4 mmHg by 300 mg #s placebo,
P < 0.001)!"". Similar significant results were obtained in
combined therapy trials viz. CANTATA-D (Dual therapy
trial-CFZ compared with Sitagliptin)®’ and CANTATA-
MP (CFZ compared with metformin and pioglitazone)”".

The CANTATA-SU (CFZ compared with Sulpho-
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nylurea) trial established reductions in HbAlc in the
glimepiride and CFZ 100 mg groups but greater reduc-
tions occurred in CFZ 300 mg group. CFZ 100 mg was
reviewed as non-inferior where as CFZ 300 mg group
was considered as superior to glimepiride arm. There
was greater reduction in body weight, blood pressure
(BP) and greater rise in high density lipoprotein (HDL)
levels in CFZ group™. CANTATA-MSU (CFZ com-
pared with metformin and sulphonylurea) results also
demonstrated statistically significant reductions (P <
0.001) in HbAlc, fasting blood glucose (FBG) and body
weight®. Tn another CANTATA-D2 (Triple therapy
trial-CFZ compared with Sitagliptin) trial, at the end of
52 wk, it was showed that CFZ 300 mg was superior
to sitagliptin 100 mg when added to sulphonylurea and
metformin, in reducing HbAlc, FBG, body weight and
systolic blood pressure. There was also significant in-
crease in HDL (P < 0.001) in CFZ groups as compared
to sitagliptin 100 mg[25].

CANTATA trials have unveiled various interesting
clinical observations of CFZ use in the management of
T2DM patients. CFZ improved glycemic control without
a concomitant increase in the occurrence of hypoglyce-
mia. It lowered RTc but lowering of RTc remained above
the hypoglycemic threshold (60-70 mg/dL) and since
UGE occurs below the RTg, the incidence as well as risk
of hypoglycemia with CFZ was minimal**. Further,
the amplified UGE of 80-120 g/d accounted for net loss
of calories (approximately 400 kcal/d) that contributed
to the weight loss, which was maintained over the trial
period of 52wk, This weight loss was predominantly
from loss of fat mass rather than lean body mass”™. The
reversal of glucotoxicity and weight loss together helped
to improve beta cell function as indicated in improvement
in Homeostasis Model Assessment estimating steady state
beta cell function in percentage“9’21’24’26]. The mechanism
for increased low-density lipoprotein-C with CFZ is not
known, however, improvement in HDL-C and triglycer-
ides was likely to be due to improved glycemic control
and weight loss associated with CFZ"" Mild reduc-
tion in BP was also observed in the trial participants. This
was due to the mild osmotic diuretic response to UGE
and natriuretic effect of CFZ™. Thus, in nutshell, CFZ
can reduce blood glucose levels and has the least risk
of producing hypoglycemia as compared to other anti-
diabetic agents. In addition, it can also modify the insulin
resistance, reduce weight and BP and increase HDL-C.
These diverse effects are specific to CFZ and would ex-
plain the better outcome with CFZ treated patients as
compared to other anti-diabetic agent treatment groups.
The CANTATA trials have concluded that CFZ could
be taken as an initial drug for T2DM patients whose gly-
cemic control is not achieved with diet and exercise; and
also as an effective alternative to sulphonylurea, sitagliptin
or pioglitazone in dual therapy with metformin.

CFZ was also studied as an add-on to insulin therapy
in a 28-d trial. Participants were T2DM patients not opti-
mally controlled with insulin and receiving up to one oral
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Table 2 Summary of adverse events observed in the canagliflozin clinical trials

S. No

ClinicalTrials.gov identifier

Adverse events

Ref.

1

NCT01081834

Increased incidence of AEs in CFZ groups

Stenlof et al™

Serious AEs and AE related discontinuations similar in all groups

Increased incidence of UTI, genital mycotic infections and osmotic diuresis related AEs in CFZ

groups

Moderate increase in BUN, serum creatinine and decrease in serum uric acid

NCT01106677 AEs similar across all groups

[20]

Higher incidence of pollakiuria in CFZ groups -5.71% with 100 mg CFZ and 2.72% with 300

mg CFZ vs 0.55% of PL
NCT01106690

Vulvovaginal mycotic infections: 2.65% to 5.26% vs 0% of placebo

Guthrie et al™

Pollakiuria: 6.14% to 9.42% vs 0.87% of placebo
Increased rate of hypoglycemic event with CFZ 300 mg (5.26% vs 1.74% of PL)

NCT00968812

Osmotic diuresis related AEs in 3% of CFZ groups as compared to < 1% in placebo groups

Cefalu et al™

Genital infections and increase in LDL cholesterol more in CFZ groups

NCT01106625

in men

Superficial genital mycotic infection: 16.0% to 21.0% vs 5% in women and 3.4% to 6.6% vs 1.3%

Wilding et al®

More subjects treated with CFZ had = 1 hypoglycemic episodes

NCT01137812

Genital mycotic infections: 9.2% of CFZ 300 mg vs 0.5% of SITA
Osmotic diuresis related AEs: 2.4% of CFZ 300 mg vs 1.3% of SITA

Schernthaner et
al®

Higher incidence of increased TG in CFZ groups

Not available
No serious AEs
NCT00642278

(3%-9% vs 2% of SITA) in CFZ groups

Low incidence of hypoglycemia

Similar rate of AEs and discontinuations across all groups

Devineni et al™

Non dose dependent increase in incidence of genital infections (3%-8% vs 2% of SITA) and UTI Rosenstock et al’™”

Small increase in LDL cholesterol in CFZ groups

NCT01064414 AEs similar across all groups

[28]

Increased incidence of hypoglycemic events in CFZ groups -14.44% with 100 mg CFZ and

11.24% with 300 mg CFZ vs 4.44% of PL

AEs: Adverse events; CFZ: Canagliflozin; UTI: Urinary tract infections; SITA: Sitagliptin; LDL: Low-density lipoprotein; PL: Placebo; TG: Triglycerides;
BUN: Blood urea nitrogen.

sotbed by SGLT1 in kidney. In addition to the reported
side effects of CFZ like UTI, genital mycotic infections,
volume depletion and hypotension, the high cost of CFZ
may prove to be a limiting factor in its wide spread use.
However, for the time being CFZ has been proven to
be safe and well tolerated and it is for the further long

term studies to establish it more firmly as a major break-

through in the clinical armamentarium for patients with
diabetes.
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